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Since the  l a t e  19501s, a number of compiler-level programming languages have been 
developed f o r  use i n  pr imar i ly  non-numerical app l i ca t ions .  These languages have 
been of two types:  l i s t  processing languages such as LISP, IPL-V, and L-6, and 
s t r i n g  manipulation languages such as  COMIT and SNOBOL. The STRIGOL programming 
language has been developed i n  order  t o  meet t h e  growing need f o r  s t r i n g  manipu- 
l a t i o n  languages. The b a s i c  operat ions i n  STRIGOL a r e  designed t o  f a c i l i t a t e  
t h e  examination and manipulation of s t r i n g s  o f  da t a .  In  addi t ion ,  l imi t ed  a r i t h -  
metic c a p a b i l i t i e s  and i n t e r n a l  subrout ine c a p a b i l i t i e s  are ava i l ab le .  Three 
sample programs which a r e  included i n  Appendix A i l l u s t r a t e  t h e  types o f  problems 
which STRIGOL i s  bes t  s u i t e d  f o r :  example 1 i s  a program t o  f i n d  t h e  longest  com- 
mon segment of  two l is ts  of data;  example 2 performs a t r a n s l a t i o n  from the  normal 
i n f i x  no ta t ion  used i n  an a r i thmet ic  expression i n t o  reverse  Pol ish nota t ion ,  such 
as is  done during t h e  compilation process;  example 3 i s  a program t o  e d i t  t e x t  i n t o  
a more readable  format,  and thus i l l u s t r a t e s  one app l i ca t ion  of STRIGOL i n  the  a r e a  
of l i n g u i s t i c  ana lys i s .  The goal throughout t he  e n t i r e  development of STRIGOL has 
been t o  design a language which is  simple t o  l ea rn  and use,  bu t  which provides suf-  
f i c i e n t  power f o r  a l l  types of symbol manipulation problems. 
This manual is intended as a re ference  manual f o r  t h e  STRIGOL programming language, 
i n  p a r t i c u l a r ,  t h e  CDC 3300 implementation cu r ren t ly  i n  use a t  New Mexico S t a t e  
Universi ty .  I t  is  assumed t h a t  the  user  of  t h i s  manual i s  already familiar with 
STRIGOL. 
environment of t h e  CDC 3300 implementation, and a complete explanat ion of a l l  com- 
p i l a t i o n  and execution time messages. The appendices contain sample STRIGOL pro- 
grams, a desc r ip t ion  of t he  i n t e r n a l  spec i f i ca t ions  o f  t h e  language t o  enable t h e  
3300 COMPASS program t o  use t h e  STRIGOL subrout ines  i n  a COMPASS program, and a 
formal desc r ip t ion  of  t he  STRIGOL scanning algorithm. 
Included i s  a complete descr ip t ion  of t h e  STRIGOL language, t h e  opera t ing  
c 
NOTAT I ON 
A l l  no t a t ion  used i n  t h i s  manual is exac t ly  as i s  used i n  t h e  CDC 3300 implemen- 
t a t i o n  with t h e  exception o f  t h e  quotat ion mark used t o  de l imi t  l i t e ra l s .  
cause t h e  quota t ion  mark (") does not  appear i n  t h e  CDC 3300 cha rac t e r  s e t ,  t h e  
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I .  PROPERTIES OF 3300 STRIGOL 
A STRIGOL program cons i s t s  of a s e r i e s  o f  statements begun by a PROGRAM statement 
and terminated by an END statement.  
however, t h i s  can be changed based on log ica l  decis ions during execution. 
Statements are normally executed sequen t i a l ly ;  
1.1 Character Se t  
The STRIGOL charac te r  set  is  composed o f  l e t t e r s ,  d i g i t s ,  and s p e c i a l  charac te rs .  
The a lphabe t i c  charac te rs  are t h e  l e t t e r s  A through Z; t h e  d i g i t s  are t h e  charac- 
t e r s  0 through 9;  t h e  a lphabe t i c  characters  toge ther  with t h e  d i g i t s  a r e  c a l l e d  
t h e  alphameric charac te rs .  
There a r e  17 s p e c i a l  charac te rs  which have s p e c i f i c  meaning t o  t h e  STRIGOL compi- 
l e r ,  The names and graphics  f o r  these  s p e c i a l  charac te rs  are: 
Name Graphic 
Equal o r  Replacement symbol 
Plus 
Minus 
A s t e r i s k  o r  Multiply symbol 
S lash  o r  Divide symbol 
Left parenthes is  
Right parenthes is  
Comma 
Quotation mark o r  no t  equal symbol 
Left bracket  
Right bracket  
Less than symbol 
Grea ter  than symbol 
Less than o r  equal symbol 
Greater than o r  equal symbol 
Dol la r  s ign  
-
In  add i t ion  t o  these  charac te rs ,  any cha rac t e r  i n  t h e  CDC 3300 cha rac t e r  s e t  can 
be  used as a da ta  charac te r .  
The s p e c i a l  charac te rs  which have meaning t o  t h e  STRIGOL compiler a r e  divided i n t o  
t h r e e  c l a s s e s :  opera tors ,  de l imi te rs ,  and sepa ra to r s .  
Operators  
Operators used i n  STRIGOL a r e  divided i n t o  th ree  types:  
comparison opera tors ,  and s t r i n g  operators .  
a r i t hme t i c  opera tors ,  
The a r i t h m e t i c  operators  a r e  : 
+ denoting addi t ion  
- denoting sub t r ac t ion  
* denoting mul t ip l i ca t ion  
/ denoting d iv i s ion  
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The comparison operators  are:  
= denoting equal t o  
# denoting not  equal  t o  
> denoting g r e a t e r  than 
< denoting less than 
2 denoting g r e a t e r  than 
5 denoting less than o r  
The s t r i n g  opera tor  i s :  
, denoting concatenat ion 
Delimiters 
The de l imi t e r s  in  STRIGOL are: 
o r  equal t o  
equal t o  
# encloses s t r i n g  constants  
( ) denotes a f i l l e r  i n  a SCAN statement  
[ 3 denotes t h e  scanning p a t t e r n  i n  a SCAN statement  
Separators  
The sepa ra to r s  i n  STRIGOL are: 
= used t o  i n d i c a t e  replacement i n  replacement and SCAN statements  
$ i nd ica t e s  a subs t r ing  va r i ab le  
/ separa tes  branch f i e l d  i n  READ, SCAN, BACKSCAN, and I F  s ta tements  
1 . 2  I d e n t i f i e r s  
An i d e n t i f i e r  i s  a s t r i n g  o f  alphameric cha rac t e r s ,  no t  contained i n  a s t r i n g  
constant  o r  comment. 
length of  an i d e n t i f i e r  must not  be g r e a t e r  than 8 cha rac t e r s .  
are not  considered t o  be  a p a r t  of an i d e n t i f i e r ,  
The f irst  cha rac t e r  must be  a lphabe t i c ,  and t h e  t o t a l  
Imbedded blanks 
I d e n t i f i e r s  are used i n  STRIGOL f o r  t he  fol lowing:  
s t r i n g  names 
numcri.cal ' vu r i ab le  names 
statement labe 1s 
rou t ine  names 
program name 
1 .3  Statement Format  
STRIGOL source s ta tements  are normally w r i t t e n  on a coding s h e e t  one t o  a l i n e  i n  
columns 10-72. I f  a s ta tement  i s  too  long t o  fit  on one l i n e ,  it may be continued 
by p u t t i n g  any charac te r  o t h e r  than a blank o r  a ( ( / I 1  ( s l a sh )  i n  column 9 of every 
l i n e  which i s  t o  be continued except t h e  last  l i n e .  (Note: This  i s  t h e  oppos i te  
of how cont inuat ion l i n e s  are ind ica t ed  i n  FORTRAN). 
number of cont inuat ion l i n e s .  
There i s  no l i m i t  t o  t h e  
Columns 1-8 i n  the f irst  l i n e  o f  a source s ta tement  may con ta in  a s ta tement  l a b e l  
t o  allow the  statement t o  b e  referenced elsewhere i n  t h e  program. Statement l a b e l s  
must conform t o  t h e  r u l e s  f o r  i d e n t i f i e r s  and cannot be used elsewhere i n  t h e  pro- 
gram as va r i ab le  names, rou t ine  names, o r  as o t h e r  statement l a b e l s .  The s t a t e -  
ment l a b e l  may appear anywhere i n  columns 1-8 and may contain blanks;  however, any 
imbedded blanks a r e  not considered t o  be a p a r t  of t he  statement l abe l .  If con- 
t i n u a t i o n  l i n e s  a r e  labeled,  t h e  statement l a b e l  w i l l  be p r in t ed  during compila- 
t i on ,  b u t  they w i l l  be ignored. 
Columns 73-80 a r e  not  examined by t h e  STRIGOL compiler and may the re fo re  be used 
f o r  program i d e n t i f i c a t i o n ,  sequencing, o r  any o t h e r  purpose. 
Connnents t o  explain t h e  program may be w r i t t e n  i n  columns 2-72 of  a l i n e  i f  an 
a s t e r i s k  i s  placed i n  column 1. Comment l i n e s  may appear anywhere i n  t h e  pro- 
gram before  t h e  END s ta tement ,  except t h a t  they = - not appear i n  t h e  middle 
of  a s ta tement  containing cont inuat ion l i n e s .  The comments a re  not  processed 
by t h e  STRIGOL compiler, bu t  a r e  l i s ted  during t h e  compilation process .  
l i n e s  may not  be continued. 
Comment 
As a s p e c i a l  f e a t u r e  of 3300 STRIGOL i t  is  poss ib l e  t o  intermix STRIGOL s t a t e -  
ments and COMPASS statements i n  a STRIGOL program. If the  cha rac t e r  1 1 / 1 1  ( s lash)  
i s  placed i n  column 9 i n  a s ta tement ,  it i s  i n t e r p r e t e d  by the  STRIGOL compiler 
t o  be a COMPASS statement.  
s ta tements  which can appear wi th in  a STRIGOL program except t h a t  a COMPASS s t a t e -  
ment cannot be t h e  first statement i n  the  program and it must appear before  t h e  
END statement .  For t h e  condi t ion o f  the var ious r e g i s t e r s  before  and a f t e r  c a l l s  
t o  the  STRIGOL execution time subrout ines ,  t he  programmer is  r e f e r r e d  t o  Appendix 
G of t h i s  manual. 
There i s  no r e s t r i c t i o n  as t o  t h e  type of  COMPASS 
With t h e  exception of COMPASS statements,  a l l  s ta tements  i n  a STRIGOL a r e  com- 
p l e t e l y  f r e e  formatted wi th in  t h e  allowed columns. 
out  a r b i t r a r i l y  wi th in  a source statement.  
Blanks may included o r  l e f t  
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11. CONSTANTS, VARIABLES, FUNCTIONS AND EXPRESSIONS 
2 . 1  Constants 
Numerical Constants 
A numerical constant i n  3300 STRIGOL i s  any i n t e g e r  wi th in  the  range - 2 2 3 + 1  t o  
+ 2 2 3 - l .  The s ign i s  opt iona l  if the  number is p o s i t i v e ,  and i f  l e f t  unsigned, 






S t r i n g  Constants 
A s t r i n g  constant o r  l i t e r a l  i s  any continguous s t r i n g  of l e t t e r s ,  d i g i t s ,  s p e c i a l  
charac te rs ,  o r  blanks enclosed i n  quotat ion marks (") . A l i t e r a l  must contain a t  
l e a s t  one charac te r ,  and i f  i t  i s  more than one cha rac t e r  long, it cannot contain 
a quotat ion mark. There i s  no maximum length r e s t r i c t i o n  f o r  a l i t e r a l .  
E xamp 1 e s 
11123.45xYz$" 
1 l 1 1 1 1  
"THIS IS A STRING CONSTANT" 
2 . 2  Variables 
A va r i ab le  name must conform t o  t h e  r u l e s  f o r  i d e n t i f i e r s .  A l l  numerical va r i ab le s  
must be declared as such (see NUMBERlstatement); any v a r i a b l e  no t  declared as numeri- 
ca l  w i l l  be assumed t o  be the  name of a s t r i n g .  The same v a r i a b l e  name, consequently 
cannot be used f o r  both a numerical va r i ab le  and a s t r i n g  name. 
ab les .have  t h e  value zero and a l l  s t r i n g s  a r e  n u l l  a t  t h e  beginning of  program exe- 
cut ion.  
A l l  numerical v a r i -  
 exam^ l e s  
A 
NAME 1 
A l X l Y 2  
R 1 2  3456 7 
Subs t ri ng Vari ab 1 es 
General Form: 
name$n 
where name i s  a s t r i n g  va r i ab le  and n i s  a numerical  v a r i a b l e  o r  unsigned numerical 
constant .  By using subs t r ing  va r i ab le s ,  only t h e  f i rs t  n cha rac t e r s  i n  name a r e  
accessed. 
i s  accessed. To i l l u s t r a t e ,  i f :  
I f  t he  value of n i s  g r e a t e r  than t h e  length  of name, t h e  e n t i r e  s t r i n g  
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STR = "12345" 
then the  value of STR$3 i s  "12311, and 
the  value o f  STR$7 i s  1112345ff. 0 
If n i s  equal t o  zero, name$n w i l l  act  as a n u l l  s t r i n g .  
2 3 Functions 
Although t h e r e  a r e  no f a c i l i t i e s  i n  STRIGOL for allowing u s e r  d e f i n i t i o n  o f  
funct ions,  a number of b a s i c  funct ions a re  included i n  t h e  STRIGOL I language. 
Numerical Functions 
The numerical funct ions LENGTH and NUMBER r e tu rn  numbers as values .  These func t ions  




where name i s  a simple s t r i n g  var iab le .  
t e r s  i n  t h e  s t r i n g  name as i t s  value.  
t i o n  i s  zero,  
This func t ion  r e t u r n s  the  number of  charac- 
If t h e  s t r i n g  is n u l l ,  t h e  value of  t he  func- 
NUMBER Function 
General Form: 
NUMBER (name) 0 
where name i s  a simple s t r i n g  va r i ab le  o r  a subs t r ing  v a r i a b l e  cons i s t ing  only of  
numeric charac te rs  with an opt iona l  leading s ign  charac te r .  
o r  i s  a n u l l  s t r i n g ,  an e r r o r  message w i l l  be p r i n t e d  and t h e  value re turned  w i l l  
be  zero.  
s t r i n g  "3 It  upon conversion t o  a number would have t h e  value 30. 
s p e c i f i e d ,  it must be the  f i rs t  charac te r  i n  t h e  s t r i n g .  To i l l u s t r a t e ;  i f :  
If name is  not  numeric 
Any blanks i n  t h e  s t r i n g  w i l l  be t r e a t e d  as zeros;  consequently, t he  
If a s ign  i s  
N 1  has the  value t'-163XYZ11 
then  the  value of NUMBER(N1$4) i s  -163. 
Boo1 ean Functions 
Boolean func t ions  a r e  funct ions which r e tu rn  the  value TRUE o r  FALSE, and can only 




where name i s  a simple s t r i n g  var iab le .  The funct ion has t h e  value TRUE i f  name 






where name i s  a simple s t r i n g  v a r i a b l e  o r  a subs t r ing  va r i ab le .  
r e t u r n  t h e  value TRUE i f  name cons i s t s  of a p o s s i b l e  leading p lus  o r  minus s i g n  
followed only by numeric cha rac t e r s  o r  blanks.  
t h e  f i rs t  d i g i t  i n  t h e  s t r i n g ;  i t  cannot be preceeded by blanks.  The following 
s t r i n g s  o r  subs t r ings  a r e  examples of v a l i d  numerical s t r i n g s :  
The func t ion  w i l l  








The following s t r i n g s  a r e  not  numerical and  consequently t h e  func t ion  NUMERIC 
would r e t u r n  t h e  value FALSE: 
+ 




S t r i n g  Functions 
The s t r i n g  funct ion STRING i s  used t o  convert  numbers i n t o  s t r i n g s ,  p r imar i ly  





o r  
where n i s  a numerical constant  o r  v a r i a b l e  and numb is  a numerical va r i ab le .  
Using t h e  f irst  form of t h e  STRING funct ion ,  t h e  r e s u l t i n g  s t r i n g  w i l l  conta in  
no leading zeros o r  blanks,  and w i l l  have a leading  s i g n  only if numb has  a 





STRING(N) = lf-1ff 
STRING(N) = "127ff 
STRING(N) = f1127f1 
STRING(N) = "0" 
Using t h e  second form of t h e  STRING funct ion ,  t h e  va lue  of t h e  func t ion  i s  a s t r i n g  
n charac te rs  long containing a leading s ign  c h a r a c t e r  only i f  numb is  negat ive  and 
containing leading zeros if t h e  number of d i g i t s  i n  numb is  less than n. 
ample, i f :  
For ex- 
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NUMB1 has  t h e  value -12  
then t h e  value of  STRING(5,NUMBl) i s  "-0012". 
i s  g r e a t e r  than n, an e r r o r  message i s  p r i n t e d  and t h e  l e a s t  s i g n i f i c a n t  d i g i t s  
a r e  discarded. 
be ll-llle 
If  t h e  number of d i g i t s  i n  numb 
0 
In t h e  preceeding example, t h e  value o f  STRING(2,NUMBl) would 
If t h e  value of  n i s  negat ive,  t h e  value o f  t he  funct ion i s  a s t r i n g  whose length 
i s  the  absolu te  value of  n and containing leading blanks in s t ead  of  zeros .  
t he  previous example, t he  value of STRING(-4,NUMB1) would be If- 12". If t h e  
length parameter i s  a numerical var iab le ,  it may not  be preceeded by a minus sign. 
The following examples i l l u s t r a t e  t h e  second form of  t h e  STRING funct ion.  








N= 7, NUM= 1 
NUM=123 
NUM=123 
STRING (2, NUM) = I 1 -  3" 
STRING (-2,NUM)="-3" 
STRING (- 3, NUM) 0" 
STRING (-N,NUM) i s  i l l e g a l  
STRING (0,NUM) ="123" 
STRING(-2,NUM)="12" 
2 a 4 Expressions 
, 
Numerical Expressions 
Numerical expressions i n  3300 STRIGOL a re  formed by combining numerical cons tan ts ,  
numerical va r i ab le s ,  and c a l l s  t o  the  numerical funct ions LENGTH and NUMBER using 
t h e  a r i t hme t i c  operators  +,-,*,/ denoting add i t ion ,  sub t r ac t ion ,  m u l t i p l i c a t i o n ,  
and d iv i s ion ,  r e spec t ive ly .  
met ic  opera t ions  a r e  t runca ted  r a t h e r  than rounded. Thus, t h e  value of  
0 
During evaluat ion of a numerical expression a l l  a r i t h -  
i s  2 and t h e  value of 
5/3 
i s  1 r a t h e r  than being rounded t o  2 as might be expected. 
Normally, numerical expressions a r e  evaluated from l e f t  t o  r i g h t  with mul t ip l ica-  
t i o n  and d iv i s ion  tak ing  precedence over addi t ion  and subt rac t ion ;  however, by 
using parentheses  t o  obta in  des i red  groupings, t he  normal evaluat ion procedure 
can be overr iden.  
Thus 
A/B*C 
i s  eva lua ted  as 
r a t h e r  than  
- 8- 
as might be expected. 
The fol lowing sequence of  s ta tements  i l l u s t r a t e s  t h e  eva lua t ion  of numerical 
expressions:  
ALPHA = "ABCDEFGHI JKLMNOPQRSTUVWXY ZIf 
N = LENGTH(ALPHA)+l 
M = N*((N-7)/2) 
K = - (M*N/M/N)+7 
As a r e s u l t  of  evaluat ion o f  t hese  s ta tements ,  N would have t h e  value 27, M t h e  
value 270, and K t h e  value 6. 
Other examples of v a l i d  numerical expressions are: 
1 
A- 3 
AXY + LENGTH (STR) 
LENGTH(STX)+3* (-NUMBER(X$3)+R) 
S t r i n g  Expres s ions 
A s t r i n g  expression i n  STRIGOL c o n s i s t s  of  a s t r i n g  cons tan t ,  a s t r i n g  v a r i a b l e ,  
a s u b s t r i n g  va r i ab le ,  a cal l  t o  t h e  s t r ing -va lued  func t ion  STRING, o r  any com- 
b ina t ion  of t hese  separa ted  by commas, where t h e  use of  a comma i n d i c a t e s  con- 
ca tena t ion .  To i l l u s t r a t e ,  i f :  
and 
S 2 = 'HOP PER" 
then t h e  expression 
S1$5,S2 




X $ l +  ,1fX$1711, i T R I N G  (i, LX) , "STRING (3, LX) I t ,  X$N,  I t .  It  
I I A I I  B 
3 
1 1  II W O R D , I I I I I I  I I W O R D I I  1 1 1 1 1 1  
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111. DECLARATION STATEMENTS 
3.1 NUMBER Statement 
General Form: 
NUMBER namel,name2,. . . 
The NUMBER s ta tement  i s  a dec la ra t ive  statement which s p e c i f i e s  t h a t  namel,name2,. . . 
are numerical va r i ab le s ,  and thus cannot be used as s t r i n g  names. A l l  numerical 
va r i ab le s  must be  declared as such i n  a NUMBER s ta tement .  NUMBER s ta tements  can 
appear anywhere within a STRIGOL program; however, any numerical v a r i a b l e  used 
i n  a STRIGOL source statement must be preceeded by a NUMBER s ta tement  dec la r ing  
t h e  v a r i a b l e  name. 
Examles 
NUMBER N 
NUMBER S1, A, R, XYZ, X 
3.2 PROGRAM Statement 
General Form: 
PROGRAM name 
where name must conform t o  t h e  r u l e s  f o r  i d e n t i f i e r s .  The PROGRAM statement i n -  
d i ca t e s  t h e  beginning of  a 3300 STRIGOL source program and consequently must be 
t h e  f i rs t  s ta tement  i n  a STRIGOL program. 
t h e  program as a numerical va r i ab le ,  s t r i n g  name, statement l abe l ,  o r  as the  
name o f  a rout ine .  
Name cannot appear anywhere wi th in  
3.3 END Statement 
General Form: 
END 
The END s ta tement  i nd ica t e s  t he  end of a STRIGOL source program and must there-  
f o r e  be t h e  last  card i n  t h e  source deck. 
Execution of  t h e  program begins with the first executable s ta tement  providing no 
s e r i o u s  e r r o r s  were encountered during compilation. 
END s ta tement ,  o r  if i t  i s  labe led  and con t ro l  i s  t r a n s f e r r e d  t o  it, an e x i t  back 
t o  t h e  opera t ing  system occurs.  
If t h e  program fa l l s  i n t o  t h e  
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IV. ARITHMETIC REPLACEMENT STATEMENT 
General Form: 
nv=ne 
where nv i s  a numeric va r i ab le  and ne is  a numerical expression.  The cur ren t  
value of nv i s  replaced by t h e  value of  t h e  numerical express ion .ne  a f t e r  it 
has been evaluated according t o  the  previously s t a t e d  r u l e s  for evalua t ion  of 
numerical expressions; t hus ,  after execution of  t h e  following two s ta tements ,  
the  value o f  N would be 2: 
N= 1 
N=N+ 1 
Other examples of  v a l i d  s u b s t i t u t i o n  s ta tements  are:  
A=- 17 
RXZ=NUMBER(X$RX2) - 7 
Z=Z* (Z/2+7- (N*(6-R))/2) 
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V. CONTROL STATEMENTS 
0 Control s ta tements  i n  STRIGOL a r e  used t o  a l t e r  t h e  normal order  of  execution of s ta tements  within a STRIGOL program. 
5 .1  GO TO Statement 
General Form: 
GO TO l abe l  
Execution of t h i s  statement causes the  s ta tement  labe led  l a b e l  t o  be t h e  next  
s ta tement  executed i n  a STRIGOL program. 
Examples 
GO TO A 
Go To STATE12 
5.2 EXIT Statement 
General Form: 
EXIT 
This statement s t o p s  execution o f  a 3300 STRIGOL program and causes cont ro l  t o  be  
re turned  t o  t h e  opera t ing  system. 
5.3 I F  Statement 
General Form: 0 
/ t ,  f 
where a r g  i s  a Boolean r e l a t i o n  o r  Boolean funct ion,  and t and f a r e  s ta tement  
l a b e l s .  
Execution of t h i s  s ta tement  causes a t r a n s f e r  t o  t h e  s ta tement  labeled t i f  ARG 
has t h e  value TRUE and t o  f if arg  has t h e  value FALSE. 
o f  t h e  I F  statement can be omitted; if cont ro l  is  t r a n s f e r r e d  t o  t h e  omitted branch, 
program cont ro l  w i l l  f a l l  through t o  t h e  next executable  s ta tement .  
E i the r  t h e  t o r  f branch 
The func t ions  NULL and NUMERIC can be used f o r  arg,  o r  it can be a Boolean r e l a t i o n  
of  t h e  form 
a R b  
where a and b a r e  numerical constants ,  numerical va r i ab le s ,  o r  c a l l s  t o  t h e  numeri- 
c a l  func t ions  LENGTH o r  NUMBER; t h e  operands a and b cannot be more complicated 
numerical  expressions containing a r i thmet ic  opera tors .  R i s  one of  t h e  Boolean 
opera tors  =,#,>,<,>,<. The value of t h e  I F  statement i s  TRUE i f ,  r e spec t ive ly ,  a 
is  equal  t o  b, no t  equal t o  b ,  g rea te r  than b ,  l e s s  than b, g r e a t e r  than o r  equal 
t o  be,  o r  l e s s  than o r  equal t o  b .  
Examples 
I F  (NULL (X) ) 
I F  (LENGTH ( Z )  2 13) 
/A, LOOP 
/ N  ,M 
IF(NUMERIC(S$N)) /, REPEAT 
I F  (A=7) /EXIT 
IF(NUMBER(X$Q) <LENGTH(X)) / , DONE 
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0 V I .  STRING PROCESSING STATEMENTS 
S t r i n g  processing s ta tements  i n  STRIGOL a r e  used t o  c rea t e ,  de l e t e ,  examine, and 
a l t e r  s t r i n g s .  
6.1 Replacement Statement 
General Form: 
sn=se 
where s n  i s  a simple s t r i n g  v a r i a b l e  o r  a subs t r ing  va r i ab le .  This statement r e -  
p laces  the  contents of  t h e  s t r i n g  s n  with t h e  value of t h e  s t r i n g  expression s e .  
If s n  is  a subs t r ing  va r i ab le  of  t h e  form s$n,  only the  f irst  n charac te rs  of t h e  
s t r i n g  s a r e  replaced by s e .  
wouId d e l e t e  the  f irst  t h r e e  charac te rs  from t h e  s t r i n g  c a l l e d  XYZ: 
For example, the  following replacement statement 
XYZ$3= 
In t h e  following example, N i s  assumed t o  be a numeric va r i ab le :  
N=O 
STR = "ABC" 
STR$N = If 1 2  3" 
STR$4 = STR,STR$N, rlX" 
Af te r  executing these  s ta tements ,  t h e  value of STR would be "123ABCXBC". 
The t h i r d  statement 
STR$N = "123" 
appends "123" t o  t h e  beginning of STR. 
a n u l l  s t r i n g .  
In  t h e  last s ta tement ,  STR$N acts as 
 exam^ l e s  
S=lll11 
LINE$S=LINE,  "LINE$M", I r X "  
A = l l l l l l  IIBtt t 1 1 1 1 1  
T E X T = ~ O G : ~ ,  STRING (NN) , ITAT", STRING (MI 
6.2 SCAN Statement 
General Form: 
SCAN name [ s e l l  = se2 /s,f 
Where name i s  ca l l ed  t h e  scan re ference  and i s  a simple s t r i n g  v a r i a b l e  o r  sub- 
s t r i n g  va r i ab le ,  s e l  and se2  a r e  s t r i n g  expressions,  and s and f a r e  s ta tement  
l abe l s .  The s t r i n g  expression s e l  i s  ca l l ed  t h e  scanning p a t t e r n .  
The SCAN statement i s  used t o  examine a s t r i n g  f o r  a succession of subs t r ings  
of  a s p e c i f i e d  form. 
and s e l  i s  the  s t r i n g  expression name i s  being examined f o r .  
t he  use of  t h e  SCAN statement,  the  following s ta tement  would examine t h e  s t r i n g  
c a l l e d  INPUT1 f o r  an occurrence of t h e  s t r i n g  f fCATff :  
0 In t h e  g e n e r k  case,  name i s  t h e  s t r i n g  being examined To i l l u s t r a t e  
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SCAN INPUT1 [llCATff] 
The success o r  f a i l u r e  of a SCAN statement can a f f e c t  program flow and can have 
o the r  consequences which w i l l  be described i n  d e t a i l  l a t e r .  
Since a scan of  t h i s  type can e i t h e r  succeed o r  f a i l ,  a method i s  ava i l ab le  t o  
cont ro l  t he  execution of a STRIGOL program based on the  success o r  f a i l u r e  of  
a SCAN statement .  For example, t he  following SCAN statement w i l l  examine the  
s t r i n g  c a l l e d  TEXT f o r  t h e  occurrence o f  t h e  s t r i n g  expression 
and w i l l  branch t o  t h e  s ta tement  labeled X i f  t h e  scan was successfu l ,  and t o  the  
s ta tement  labe led  Y i f  t h e  scan was unsuccessful: 
SCAN TEXT [ I 1  ",WORD," l f ]  /x,y 
By using subs t r ing  va r i ab le s ,  even more power can be obtained i n  a SCAN statement.  
For example, t h e  SCAN statement 
SCAN WORDS$3 
would examine t h e  f irst  th ree  charac te rs  i n  WORDS f o r  t h e  th ree  charac te rs  i n  the  
l i t e r a l  trCATfl. The SCAN statement 
SCAN XYZ$4 [STR$5] 
w i l l  f a i l  regard less  of t he  length of XYZ un less  STR has l e s s  than f ive cha rac t e r s .  0 
Another example of  t h e  use of subs t r ing  va r i ab le s  i n  a SCAN statement  is: 
SCAN CARD$10 [CARD$S," I!] /LOOP 
In  t h e  above s ta tement ,  cont ro l  would be t r a n s f e r r e d  t o  t h e  s ta tement  labeled 
LOOP only i f  the  t en th  cha rac t e r  i n  the  s t r i n g  CARD i s  a blank. 
I t  i s  of ten  des i r ab le  i n  examining s t r i n g s  t o  do more complex p a t t e r n  ana lys i s  
than i s  poss ib l e  using ordinary s t r i n g  concatenation. 
By us ing  a f e a t u r e  c a l l e d  a "filler", a g r e a t e r  gene ra l i t y  may be obtained i n  
t h e  SCAN statement .  
are denoted by s t r i n g  names bounded by parentheses ,  and f ixed-length f i l l e r s  
which a r e  denoted by subs t r ing  var iab les  bounded by parentheses .  
example o f  t h e  use o f  u n r e s t r i c t e d  f i l l e r s  would be t o  examine t h e  s t r i n g  L I N E l  
f o r  an occurrence o f  t he  l i t e r a l s  "AB" and 
An u n r e s t r i c t e d  f i l l e r  can match any s t r i n g ;  consequently, t h e  SCAN statement 
There a re  two types of  f i l l e r s ,  u n r e s t r i c t e d  f i l l e r s  which 
A t y p i c a l  
not  necessa r i ly  adjacent  i n  L I N E 1 .  
SCAN L I N E l  ["AB", (ANYTHING) ,ltY1l] 
would accomplish t h e  des i red  scan. 
scan would succeed with t h e  f i l l e r  ANYTHING matching the  charac te rs  BAX. 
As one of  the  consequences of a successfu l  scan,  a l l  f i l l e r s  are given t h e  value 
of t h e  po r t ions  of t h e  s t r i n g  they match. 
would be  given t h e  value BAX exact ly  as i f  t h e  replacement statement 
If  t h e  value o f  L I N E l  i s  ABBAXYZ, then t h e  
In t h e  preceeding example, ANYTHING 
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0 
ANYTHING = "BAX" 
had been executed. Because of t h i s ,  t he  scan re ference  cannot a l s o  be used as a 
f i l l e r  i n  t h e  same SCAN statement .  
A f ixed-length f i l l e r  can match any s t r i n g  of a spec i f i ed  number of  charac te rs .  
The first fou r  charac te rs  i n  t h e  s t r i n g  LIST could be given t h e  name FIRST4 by 
the  SCAN statement .  
SCAN LIST [ (FIRST4$4) ] 
I f  N had t h e  value 4, t he  statement could have been w r i t t e n  
SCAN LIST [(FIRST4$N)] 
As a second example, consider t he  following s ta tements:  
VOWELS = "AEIOU" 
SCAN VOWELS [ (V1$1) , (V2$1), (V3$1), (V4$1), (VS$l)] 
The scan would succeed, and Vl,V2,V3,V4, and V5 would be given t h e  values  
A , E , I , O , U ,  r espec t ive ly .  
In many appl ica t ions  it i s  necessary t o  a l t e r  the  conten ts  of a s t r i n g  based on t h e  
r e s u l t s  of  a scan. 
the  b a s i c  form of the  SCAN statement thereby allowing replacement, de l e t ion ,  o r  
rearrangement of s t r i n g s .  
a replacement s ign  and then by a s t r i n g  expression,  t h e  po r t ion  of t h e  scan re -  
ference which i s  matched i n  a successfu l  scan i s  replaced by t h e  value of t h e  
s t r i n g  expression t o  t h e  r i g h t  of t h e  replacement s ign .  
expression i s  n u l l  o r  i s  omitted,  t h e  matched po r t ion  i s  de le t ed .  
consider  t h e  following sequence of s ta tements:  
To do t h i s ,  t h e  s t r i n g  replacement s ta tement  i s  combined with 
In p a r t i c u l a r ,  if t h e  scanning p a t t e r n  i s  followed by 
I f  t h e  value of t h e  s t r i n g  
For example, 
CARD = "QUEEN OF SPACES'' 
SCAN CARD ["QUEEN"] = "KING" 
After  executing these  two s ta tements ,  t h e  va lue  of  CARD would be  K I N G  OF SPACES. 
The following example w i l l  d e l e t e  a l l  occurrences of t h e  l e t t e r  K from t h e  s t r i n g  
X and w i l l  then t r a n s f e r  cont ro l  of t h e  program t o  the  s ta tement  labe led  DONE: 
DELETE SCAN X [ l f K f l ]  = /DELETE, DONE 
Thus, i f  success  and f a i l u r e  opt ions a r e  spec i f i ed ,  replacement i s  performed 
before  t r a n s f e r r i n g  of program con t ro l .  
statement i s  i l l u s t r a t e d  by t h e  following example: 
A more complicated use of t h e  SCAN 
EXP = "A+B" 
SCAN EXP [ (Fl) ,ll+fl, (F2)]=Fl,F2,"+" 
Af te r  executing these  s ta tements  t h e  value of EXP would be  changed t o  AB+, t h e  
value of F 1  would be  A, and the  value of  F2 would be  B .  
Dynamic scanning is a s p e c i a l  case i n  scanning i n  which t e n t a t i v e l y  def ined 0 
f i l l e r s  can be r e fe r r ed  t o  dynamically during t h e  scanning process .  
o r  subs t r ing  i n  the scanning p a t t e r n  i s  t h e  same name as a f i l l e r  used t o  the  
If a s t r i n g  
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l e f t  of it i n  t h e  pa t t e rn ,  t h e  cur ren t  value of t h e  f i l l e r  i s  used i n  t h e  scan. 
Dynamic scanning has not  y e t  been f u l l y  implemented i n  t h i s  vers ion  of 3300 STRIGOL. 
An attempt t o  use dynamic scanning may r e s u l t  i n  an erroneous f a i l u r e  ind ica t ion .  
There a r e  f i v e  phases t o  t h e  ac tua l  scanning process:  
i )  evaluat ion of s t r i n g  expressions 
i i )  t h e  ac tua l  scan 
i i i )  assignment of values t o  f i l l e r s  (naming) 
i v )  r ep  lacement 
v) branch i ng 
i )  Evaluation. Before beginning t h e  ac tua l  scanning process ,  a l l  f i e l d s  a r e  
evaluated.  
are crea ted  with appropr ia te  values .  Substr ing va r i ab le s  a r e  checked f o r  
l e g a l i t y ;  no negat ive lengths  are allowed. Also, a l l  f i l lers  a r e  s e t  t o  n u l l  
s t r i n g s ,  and t h e i r  previous contents  a re  re leased  t o  ava i l ab le  s torage .  If 
a t  any po in t  i n  t h i s  procedure, a negat ive subs t r ing  v a r i a b l e  i s  encountered, 
an e r r o r  message i s  p r in t ed ,  bu t  evaluat ion continues with t h e  i n v a l i d  sub- 
s t r i n g  being t r e a t e d  as a n u l l  s t r i n g .  If the  scan re ference  i s  an inva l id  
subs t r ing ,  an e r r o r  i s  p r i n t e d  and the  job i s  aborted.  
Any c a l l s  t o  t h e  STRING funct ion a r e  done, and temporary s t r i n g s  
i i )  Scanning. 
t i o n s  o f  t h e  scan re ference .  
as fol lows:  
Elements of the  scanning p a t t e r n  m u s t  match consecutive por- 
I n  general  t h e  scanning process  can be  described 
Scanning proceeds from l e f t  t o  r i g h t ,  each scanning p a t t e r n  element 
matching t h e  s h o r t e s t  poss ib l e  por t ion  of  the  scan re ference  depend- 
i n g  upon t h e  type o f  p a t t e r n  element. 
In  more complicated cases ,  f u r t h e r  c l a r i f i c a t i o n  of  t h e  scanning process may 
be necessary.  The following r u l e s  provide more d e t a i l e d  desc r ip t ions  of t h e  
scanning process.  
a )  
r i g h t  s t a r t i n g  a t  t h e  first element of t h e  scanning p a t t e r n .  
elements must match consecutive por t ions  of  t h e  scan re ference .  
The scanning process  proceeds element by element from l e f t  t o  
The 
b) 
f i r s t  charac te r  i n  the  scan reference.  
an attempt i s  made s t a r t i n g  a t  the  
If  t h i s  fails ,  t h e  e n t i r e  scan is  unsuccessful .  
An attempt i s  made t o  match the  f irst  element s t a r t i n g  at t h e  
If t h i s  i s  not poss ib le ,  
second cha rac t e r ,  and s o  on. 
c)  When an element i s  successfu l ly  matched, a forward scan i s  
attempted f o r  t h e  next  element i n  the  scanning p a t t e r n .  
d) 
f o r  t h e  preceeding element i f  it i s  an u n r e s t r i c t e d  f i l l e r .  Rescan 
i s  an attempt t o  lengthen the  por t ion  of  t h e  s t r i n g  re ference  being 
matched by a p a t t e r n  element and i s  necessary because t h e  e n t i r e  scan 
cannot succeed with t h e  previous match. 
procedure regresses  one l e v e l  and i s  r e t r i e d  again.  If  t h e  beginning 
of  t h e  scanning p a t t e r n  i s  reache2, t he  f irst  element i n  t h e  scanning 
p a t t e r n  i s  moved down one character ,  and t h e  e n t i r e  scan i s  r e s t a r t e d .  
If a t  any po in t  an element is not  matched, rescan i s  attempted 
If rescan fa i l s ,  t he  e n t i r e  
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e) 
t h e  scan i s  successfu l .  The scan fa i ls  if the re  i s  no match f o r  t h e  
f irst  element, o r  i f  a t  any po in t  during forward scanning t h e r e  i s  an 
i n s u f f i c i e n t  number o f  charac te rs  i n  t h e  scan re ference  t o  match a 
p a t t e r n  element, 
When the  last  element i n  t h e  scanning p a t t e r n  has been matched, 
The var ious techniques of forward scanning and rescanning depend on t h e  type 
of element involved i n  t h e  scanning p a t t e r n .  
ment must match a por t ion  o f  t h e  scan reference s t a r t i n g  a t  t h e  next  cha rac t e r  
following t h e  por t ion  matched by t h e  preceeding element. The d e t a i l s  f o r  each 
type of  p a t t e r n  element follow: 
In a l l  cases,  however, t h e  ele- 
a) S t r ings .  In  t h i s  case,  a s t r i n g  i s  considered t o  be  a s t r i n g  v a r i a b l e ,  
a l i t e ra l ,  o r  a subs t r ing  va r i ab le  a f t e r  i t  has been evaluated.  In  for-  
ward scanning, a s t r i n g  must match a po r t ion  of t h e  scan reference which 
is  i d e n t i c a l  t o  i t s  value.  If t h i s  fa i l s  due t o  i n s u f f i c i e n t  length i n  
the  scan reference,  no rescan i s  attempted, and t h e  e n t i r e  scan f a i l s .  A 
n u l l  s t r i n g  o r  nul l -valued subs t r ing  always matches. 
b )  Fixed-length f i l l e r s .  I n  forward scanning a f ixed- length  f i l l e r  
matches any subs t r ing  o f  t he  length s p e c i f i e d .  I f  t h e  scan re ference  
i s  not  long enough, no rescan i s  attempted, and t h e  e n t i r e  scan f a i l s .  
I f  t h e  length s p e c i f i c a t i o n  i s  zero,  a f ixed-length f i l l e r  always 
matches. 
c) Unres t r ic ted  f i l l e r s .  During forward scanning, an u n r e s t r i c t e d  
f i l l e r  always matches a n u l l  po r t ion  o f  t h e  scan re ference .  During 
rescanning, one cha rac t e r  i s  added t o  t h e  value o f  t h e  f i l l e r  p re-  
viously matched. I f  t h e  scan re ference  i s  of i n s u f f i c i e n t  length,  
t h e  e n t i r e  scan i s  unsuccessful .  A s  a r e s u l t  of  t h i s ,  once an un- 
r e s t r i c t e d  f i l l e r  i s  encountered during a scan,  no p a t t e r n  element 
matched previously can everybe moved f u r t h e r  along t h e  value of 
t h e  scan re ference .  I f  t h e  match f a i l s  beyond t h e  f i l l e r ,  t h e r e  i s  
no p o s s i b i l i t y  t h a t  i t  can be made t o  succeed by rematching anything 
before  t h e  f i l l e r .  Some consequences of t h i s  w i l l  be  seen s h o r t l y .  
A s  a s p e c i a l  case, if an u n r e s t r i c t e d  f i l l e r  i s  t h e  las t  element of 
t he  scanning p a t t e r n ,  r a t h e r  than match a n u l l  po r t ion  o f  t h e  scan 
re ference ,  it w i l l  be extended t o  match t h e  remaining value o f  t h e  
scan reference.  
an u n r e s t r i c t e d  f i l l e r  which appears a t  t h e  beginning of  t h e  scan- 
ning p a t t e r n  w i l l  match everything up t o  t h e  f i r s t  cha rac t e r  matched 
by t h e  second element o f  t h e  scanning p a t t e r n .  
only element i n  t h e  scanning p a t t e r n  i s  an u n r e s t r i c t e d  f i l l e r ,  it 
w i l l  match the  e n t i r e  value of t h e  scan r e fe rence .  
Also as a consequence of  t h e  scanning algori thm, 
Therefore ,  i f  t h e  
A more formal p re sen ta t ion  of  t h e  scanning algori thm is  given i n  Appendix C.  
i i i )  Naming. I f  t h e  scan f a i l s ,  a l l  f i l l e r s  are s e t  t o  a n u l l  va lue .  I f  t h e  
scan succeeds,  f i l l e rs  are given t h e  values a s s o c i a t e d  with t h e  p o r t i o n  o f  t h e  
scan re ference  they match. 
t h e  name i s  assoc ia ted  with t h e  rightmost va lue  o f  t h e  f i l l e r .  
consider  t h e  following s ta tements :  
I f  t h e  same name appears  i n  more than one f i l l e r ,  
For example, 
X = "ABCDEft 
SCAN X [I'A'', (Fl)  ,"C", (Fl)  
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After executing these  s ta tements ,  the  value of F 1  would be DE, no t  B. 
i v )  Replacement, I f  a scan i s  unsuccessful t h i s  phase i s  omitted.  If a scan 
is successfu l ,  a f t e r  naming is  done, the  po r t ion  of  t he  scan reference matched 
by the  scanning p a t t e r n  is  replaced by the  value of t h e  s t r i n g  expression t o  
t h e  r i g h t  of t h e  replacement s ign .  
f i l l e r  has been extended t o  t h e  end of  t he  value o f  the  ScanEference,  t h a t  
por t ion  o f  t h e  scan re ference  i s  a l s o  accessed during replacement. 
named during t h e  scan which a r e  a l s o  used during replacement w i l l  use  t h e  values 
given them as a r e s u l t  of t he  scan r a t h e r  than t h e i r  values before  undertaking 
the  scan. 
In  the  case where a terminat ing u n r e s t r i c t e d  
Any f i l l e r s  
v) Branching, If a t  any poin t  during t h e  scanning process a complete scan 
f a i l u r e  occurs ,  a l l  f i l l e r s  a r e  nul led ,  no replacement i s  done, and the  
f a i l u r e  branch of t h e  SCAN statement i s  taken. On t h e  o the r  hand, i f  a 
scan i s  successfu l ,  t h e  success  branch i s  taken a f t e r  naming and replace-  
ment a r e  done. 
6 . 3  Examples of Scanning 
The following examples i l l u s t r a t e  some of t h e  s i t u a t i o n  which can a r i s e  i n  
scanning. 
scan a r e  given. 
Whenever f i l l e rs  a re  used, t h e i r  values  upon completion o f  t h e  
Example 1: 
x = "X y Z" 
SCAN X [(A)," (B)] 
t he  scan  succeeds with 
Example 2 :  
ALPHA = "ABCDEFGHI JKLMNOP" 
SCAN ALPHA [ (X$5), (Y) , f l K q l ,  (Z)  3 
The scan  succeeds with 
Y = "ABCDE'( 
Y = "FGHIJ" 
Z = "LMNOP" 
Notice t h a t  Z matches the  r e s t  of the  scan re ference  ALPHA s ince  it i s  an un- 
r e s t r i c t e d  f i l l e r  and i s  the  last element of t h e  scanning p a t t e r n .  
Example 3: 
NUMBERS = 110123456789'1 
SCAN NUMBERS$6 [1"78"3 
The scan  f a i l s ,  
by r e s t r i c t e d  t h e  scan referenee t o  t h e  f irst  s i x  charac te rs  i n  NUMBERS, the  
Although the characters  "78" do occur i n  t h e  s t r i n g  NUMBERS, 
- 18- 
po r t ion  oE the  s t r i n g  containing these  charac te rs  i s  not  accessed. 
Example 4:  
L I S T  = "A,B,C,D" 
SCAN L I S T  [X$O] = IIX,Y," 
The scan succeeds s ince  a null-valued subs t r ing  o r  a n u l l  s t r i n g  always matches. 
After replacement, 
L I S T  = "X,Y ,A, B , C  ,D" 
Example 5: 
DATA = "123." 
SCAN DATA [ ( A ) ,  (NUM$3) 
The scan succeeds with 
A n u l l  
NUM = "123" 
Example 6 :  
The scan succeeds with 
This i l l u s t r a t e s  a f a c t  t h a t  may not  be obvious from t h e  formal scanning r u l e s :  
i f  two o r  more un res t r i c t ed  f i l l e r s  occur toge the r  and t h e  scan i s  success fu l ,  
a l l  of t hese  f i l l e r s  bu t  t h e  l a s t  w i l l  always end up n u l l .  
Example 7: 
CHAR = "ABCD" 
SCAN CHAR [ (X$2), (Y$3) ]  
The scan fa i l s  s ince  t h e  scan re ference  is  of  i n s u f f i c i e n t  length .  
Example 8: 
I N P U T  = "987654" 
SCAN INPUT$5  [ INPUT$4,11511] 
The scan succeeds. 
s p e c i f i e d  po r t ion  of the  scan re ference .  
This technique provides a simple way of examining only a 
Example 9: 
L I S T  = "A,B,C,D" 
SCAN L I S T  [ (X),",", (Y) , l l , f l ( X ) , l l , l l ,  (Y) ]  
- 19- 
The scan succeeds with 0 
The e a r l i e r  defined values f o r  X and Y a r e  l o s t .  
Example 10: 
STR = 
SCAN STR [(FIL)] 
The scan succeeds with F I L  n u l l  
6.4 BACKSCAN Statement 
General Form: 
BACKSCAN name [ s e l l  = se2 /s,f 
where name, s e l ,  se2,  s and f a r e  defined exac t ly  as i n  t h e  SCAN statement.  The 
BACKSCAN statement i s  l i k e  the  SCAN statement,  except t h a t  it examines t h e  scan 
re ference  i n  a reverse  d i r ec t ion .  I t  i s  very simple t o  understand t h e  BACKSCAN 
statement  i f  t h e  following r u l e s  a r e  used t o  th ink  about i t:  
i) Reverse t h e  order  of t h e  characters  i n  t h e  scan reference.  
i i )  Scan t h e  s t r i n g  normally, doing a l l  naming and replacement as  i n  the 0 SCAN statement .  
i i i )  
ment, b u t  do not  reverse  the  characters  i n  f i l l e r s  def ined during t h e  scan. 
A few examples of backscanning w i l l  i l l u s t r a t e  t hese  po in t s :  
Reverse the  order  of t h e  charac te rs  i n  the  scan reference a f t e r  replace-  
-
Example 1: 
LABEL BACKSCAN CARD$l [It ('1 = /LABEL 
Ibis backscan w i l l  d e l e t e  t r a i l i n g  blanks from t h e  s t r i n g  c a l l e d  CARD. 
Example 2: 
DATA = "XYZ" 
BACKSCAN DATA [ (A)] 
The backscan succeeds w i t h  
Example 3: 
INPUT = "ABCOO" 
BACKSCAN INPUT$4 [rrOO",  (X) ] 
. I  
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The backscan succeeds wi th  
X = "CB" 
Notice t h a t  i n  t h i s  case, INPUTS-, accesses the  last four  charac te rs  i n  
Example 4: 
Z = "ABC" 
BACKSCAN Z [(X$l),(Y$2)] = Y,X 
The scan succeeds w i t h  
lPUT . 
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V I  I .  INPUT-OUTPUT STATEMENTS 
7.1 READ Statement 
General Form: 
READ ( lun) Data /s,f 
where lun is  a numerical constant  o r  va r i ab le  wi th in  t h e  range 1 t o  60 giving 
the  l o g i c a l  u n i t  number of t h e  input  device, da t a  i s  a simple s t r i n g  va r i ab le  
o r  a s u b s t r i n g  va r i ab le ,  and s and f a re  statement l abe l s .  The READ statement 
reads one phys ica l  record of da t a  o f  up t o  4096 ( t h i s  number may be  changed by 
using t h e  B-option on the  STRIGOL card) charac te rs  i n  length from the  input  de- 
v i ce  t h a t  has t h e  log ica l  u n i t  number lun,  and gives i t  t h e  name data .  The in-  
put record must be w r i t t e n  i n  BCD. Upon completion of  t h e  read,  cont ro l  t r a n s -  
f e r s  t o  the  statement labeled s unless  an end-of - f i le  was encountered during 
t h e  read operat ion i n  which case cont ro l  i s  t r a n s f e r r e d  t o  s ta tement  f .  Any 
f a i l u r e  o f  t h e  input  device such as a feed f a i l u r e  o r  p a r i t y  e r r o r  causes t h e  
input  operat ion t o  b e  automatical ly  r e t r i e d  up t o  a maximum of th ree  t imes.  
If t h e  operat ion s t i l l  fa i l s ,  an e r r o r  i s  p r i n t e d  and the  e n t i r e  job aborted.  
In  t h e  case of t he  READ statement,  the use o f  a subs t r ing  va r i ab le  ind ica t e s  a 
r e s t r i c t i o n  on the  maximum length of t h e  input  record.  
i s  negat ive,  an e r r o r  is  p r i n t e d  and t h e  job i s  aborted.  
If t h e  length spec i f i ed  
If  the  length spec i f i ed  i s  zero, t h e  e n t i r e  read operat ion i s  i n h i b i t e d  and the  
end-o f - f i l e  branch i s  se l ec t ed .  If the  length s p e c i f i c a t i o n  i s  less than 4096, 
t he  maximum length of  t he  input  record i s  r e s t r i c t e d  t o  t h a t  length.  If it is  
g r e a t e r  than 4096, t h e  maximum record length remains a t  4096 charac te rs .  If the  
length o f  t h e  input  record exceeds the  maximum a l loca ted  b u f f e r  s i z e ,  t r a i l i n g  
charac te rs  w i l l  be l o s t .  
Severa l  d e f a u l t  options a r e  assumed i n  t h e  READ statement.  
input  i s  automatical ly  taken from log ica l  u n i t  number 60, t h e  s tandard system 
input  u n i t .  
omit ted branch opt ion i s  se l ec t ed ,  cont ro l  is  t r a n s f e r r e d  t o  t h e  next  execu- 
t a b l e  s ta tement .  To i l l u s t r a t e  t h e  READ s ta tement ,  the  following statement 
w i l l  r ead  17 charac te rs  from t h e  card reader ,  given them the  name INPUT, and 
if an end-o f - f i l e  i s  not  encountered, cont ro l  w i l l  be t r a n s f e r r e d  t o  a s t a t e -  
ment labe led  LOOP: 
I f  lun i s  omitted,  
E i the r  t he  s o r  f branch o r  both can a l s o  be omitted.  If t h e  




READ (INPUT) CARD 
7.2 WRITE, PRINT Statements 
General Form: 
WRITE (lun) s e  
o r  
PRINT(1un) se 
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where lun i s  a numerical constant o r  v a r i a b l e  with a value of between 1 and 61, 
and s e  i s  a s t r i n g  expression. 
l og ica l  u n i t  number 61, the  s tandard system output u n i t .  
wr i t e s  one physical  record of d a t a  (up t o  4096 charac te rs )  on log ica l  u n i t  number 
lun. 
i s  an example o f  a WRITE statement t h a t  might be used t o  t i t l e  a page of output:  
0 If lun i s  omitted,  output i s  automatical ly  on The WRITE s ta tement  
The contents of  t h e  s t r i n g s  named i n  s e  remain unchanged. The following 
WRITE "l",TITLE," ll,"PAGE1l,STRING (PAGE) 
If SE is  a n u l l  s t r i n g ,  t he  WRITE statement i s  not  executed. 
If output  i s  on t h e  p r i n t e r ,  t he  f irst  charac te r  of  t h e  output  record i s  used 
as a ca r r i age  control  charac te r  and i s  not  p r i n t e d .  
ca r r i age  control  charac te rs  and t h e i r  meaning are :  
The most commonly used 
Char. -
1 1  II 
"0" 
I l l "  
1 1 - 1 1  
I I X I I  
Meaning 
Single  space a f t e r  p r i n t i n g .  
Double space a f t e r  p r in t ing .  
T r ip l e  space a f t e r  p r i n t i n g .  
Page e j e c t  before  p r i n t i n g ,  s i n g l e  
space a f t e r  p r i n t i n g .  
No space a f t e r  p r i n t i n g ;  t he  next 
l i n e  w i l l  be p r i n t e d  on top of  t h i s  l i n e .  
I f  the  ou-put record i s  over 136 char-.cters i n  length,  t he  overflow of t h e  
output record w i l l  be s i n g l e  spaced on succeeding l i n e s .  
E xamp 1 es  
WRITE (62) "OEXAMPLE" 
WRITE (02) A, B , I I B I I ,  BL$N 
PRINT "-N = ",STRING (3,N) 
7.3 ENDFILE Statement 
General Form: 
ENDFILE lun 
where lun i s  defined i s  i n  t h e  READ statement except t,,at i t  must ,e a magnetic 
tape  u n i t .  
spec i f i ed  by log ica l  u n i t  number lun. 
The ENDFILE statement writes a f i l e  mark on t h e  magnetic tape  u n i t  




where lun i s  defined as i n  t h e  READ s ta tement .  These s ta tements  a r e  used t o  
rewind and unload t h e  magnetic tape  u n i t s  s p e c i f i e d  by l o g i c a l  u n i t  number lun. 
In e i t h e r  case,  i f  t h e  previous operat ion on t h e  t a p e  u n i t  was a wr i t e ,  a f i l e  
mark i s  w r i t t e n  on the  t ape  before  i t  is rewound o r  unloaded. 
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VIII. ROUTINES 
A rou t ine  i n  STRIGOL i s  a s e r i e s  of statements begun by a ROUTINE dec la ra t ion  
s ta tement ,  and ended by an ENDROUTINE dec la ra t ion  statement.  Routines allow 
the  u s e r  t o  execute a s e r i e s  of statements s eve ra l  times wi th in  a STRIGOL pro- 
gram without having t o  wr i t e  t he  statements each time. A rou t ine  is  en tered  
from t h e  main p a r t  of the  program by using an EXECUTE s ta tement ,  and cont ro l  
i s  re turned  through o r  branching t o  the  ENDROUTINE s ta tement .  
i s  encountered i n  t h e  normal flow of  program execution, t h e  program w i l l  by- 
pass t h e  rout ine .  
If a rou t ine  
Examples of  rout ines  and t h e i r  uses w i l l  be given s h o r t l y .  
8.1 ROUTINE Statement 
General Form: 
ROUTINE name 
where name i s  an i d e n t i f i e r  specifying t h e  name of t h i s  p a r t i c u l a r  rou t ine .  
The name used cannot appear elsewhere i n  t h e  program as a va r i ab le  name, a 
s ta tement  l abe l ,  o r  as t he  program name. Routines can appear anywhere with- 
i n  the  source program. Routine dec lara t ions  cannot be nested,  i . e . ,  i f  a 
ROUTINE statement i s  encountered between another  ROUTINE s ta tement  and i t s  
matching ENDROUTINE s ta tement ,  i t  w i l l  be diagnosed as an e r r o r  by t h e  STRIGOL 
compiler. 
8 . 2  EXECUTE Statement 
General Form: 
0 EXECUTE name 
where name i s  t h e  name 
dec la ra t ion  s ta tement .  
f irst  s ta tement  i n  t h e  
of  a rou t ine  and must t he re fo re  a l s o  appear i n  a ROUTINE 
This statement causes cont ro l  t o  be  t r ans fe r r ed  t o  t h e  
rou t ine  ca l led  name. Execution of  s ta tements  wi th in  t h e  
r o u t i n e  continues u n t i l  a RETURN statement i s  encountered o r  u n t i l  program con- 
t r o l  fa l l s  through t o  t h e  ENDROUTINE s ta tement;  upon encountering e i t h e r  of  t hese  
s ta tements ,  cont ro l  r e tu rns  t o  t h e  statement following t h e  EXECUTE s ta tement .  I t  
i s  permiss ib le  f o r  an EXECUTE statement t o  appear wi th in  a rou t ine  as long as t h e  
r o u t i n e  being executed is  no t ,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  t he  name of t h e  
r o u t i n e  i n  which the  EXECUTE statement appears.  
t o  rou t ines  a r e  not  permit ted i n  STRIGOL. 
In  o ther  words, recurs ive  c a l l s  
8 . 3  ENDROUTINE Statement 
General Form: 
ENDROUTINE 
The ENDROUTINE s ta tement  i s  used t o  i n d i c a t e  t h e  end of  a rout ine .  If no matching 
ROUTINE statement has been encountered p r i o r  t o  t h e  ENDROUTINE s ta tement ,  an e r r o r  
w i l l  b e  p r in t ed .  If during execution of  a rou t ine ,  con t ro l  fa l ls  through o r  i s  
t r a n s f e r r e d  t o  the  ENDROUTINE statement,  execution o f  t h e  rou t ine  is  terminated 
and main program execution continues from t h e  statement following t h e  EXECUTE s t a t e -  
ment which was used t o  e n t e r  t he  rout ine .  
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8.4 RETURN Statement 
General Form: 
RETURN 
The RETURN statement i s  used t o  terminate  execution of  a rou t ine  and t o  r e t u r n  
cont ro l  back t o  the  main p a r t  of t he  program. 
occur within a rout ine ;  i f  encountered anywhere e l s e ,  it w i l l  be diagnosed as 
an e r r o r .  
i t  i s  a l s o  poss ib le  f o r  a rou t ine  t o  have more than one RETURN s ta tement .  
A RETURN statement can only 
It is not  necessary f o r  a rou t ine  t o  have a RETURN s ta tement ,  and 
A t y p i c a l  use f o r  rout ines  would be i n  s p e c i a l  purpose input  o r  output rou t ines .  
For examples, consider t h e  following rout ine :  
ROUTINE WRITE01 
WRITE (01) F I E L D ,  BLANKS$N 
ENDROUTI NE 
N = 80- LENGTH ( F I E L D )  
This rou t ine  appends up t o  a maximum of e ighty  blanks onto the  output record 
c a l l e d  F I E L D  and wr i t e s  t he  r e s u l t i n g  e ighty  cha rac t e r  record on l o g i c a l  u n i t  
number 01. Here i t  i s  assumed t h a t  BLANKS i s  a s t r i n g  cons i s t ing  e n t i r e l y  of 
blanks and i s  a t  l e a s t  e ighty  charac te rs  i n  length .  
Another use f o r  rout ines  i s  i l l u s t r a t e d  by t h e  following example: 
ROUTINE LINECHEK 
L I N E S =  L I NES+ 1 
I F  ( L I N E S 1 5 5 )  / R E T  
EXECUTE TOTOTALER 
PAGE=PAGE+l 
WRITE '1111,BLANKS$70,"PAGE",STRING ( -3 ,PAGE)  
RET RETURN 
ENDROUTINE 
This rout ine  i l l u s t r a t e s  s eve ra l  f ea tu re s  of  rou t ines .  
statement 
Simply by execut ing t h e  
EXECUTE LINECHEK 
the  following things w i l l  occur: f irst ,  a counter  c a l l e d  L I N E S  i s  incremented; 
then, if the  value of L I N E S  i s  l e s s  than or equal t o  55, con t ro l  i s  re turned  t o  
the  main p a r t  of t he  program v i a  t h e  RETURN s ta tement  labe led  RET; on the  o t h e r  
hand, i f  t h e  value of L I N E S  i s  g r e a t e r  than 55, a r o u t i n e  c a l l e d  TOTALER i s  
executed, presumably computing and p r i n t i n g  t o t a l s  on t h e  bottom of the  page; 
a page counter ca l led  PAGE i s  incremented; a page header  i s  p r i n t e d  on top  o f  
t he  next  page; and cont ro l  i s  returned t o  t h e  main p a r t  o f  t h e  program v i a  t h e  
RETURN s t a t  emen t . 
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I X .  OPERATING ENVIRONMENT 
9.1 Job Setup 
The deck se tup  t o  compile and run a 3300 STRIGOL i s  as  follows: 
$ J O B , .  . . 
$STRIGOL, . , . 
PROGRAM name 
STRIGOL Source Deck 
END 
$LOAD, 56 
$RUN,. . e 
Data ( i f  any) 
STRIGOL Card 
$STRIGOL, L,A,S,P,X,B=R, I=n  
L L i s t  source language on s tandard output (Lun 61) .  
A List assembly language on s tandard output (Lun 61).  
S A t  end of  compilation time, generate  a l is t  of  a l l  s t r i n g s  
defined during compilation. Since any s t r i n g  name used i n  
a STRIGOL program is  considered t o  be defined i m p l i c i t e l y ,  
t h i s  opt ion can be usefu l  i n  de tec t ing  poss ib l e  keypunch 







Punch r e loca tab le  binary deck on s tandard punch uni t  (Lun 62) .  
Punch r e loca tab le  binary deck on log ica l  u n i t  n .  
Generate load-and-go on s tandard load-and-go (Lun 56) .  
Generate load-and-go on log ica l  u n i t  n. 
Modify maximum execution time input/output b u f f e r  length 
t o  be charac te rs  i n  length.  If omitted o r  i l l e g a l ,  t h e  
normal b u f f e r  length o f  4096 charac te rs  w i l l  be assumed. 
Indica tes  t h a t  t he  source deck i s  on log ica l  u n i t  n. 
parameter is omitted,  t h e  source deck i s  input ted  from t h e  
s tandard input  (Lun 6 0 ) .  
If t h i s  
The parameters on t h e  STRIGOL card may be i n  any order ,  and any o r  a l l  para- 
meters may be omitted.  
Compilations of STRIGOL programs can not  be s tacked under a s i n g l e  STRIGOL 
card  ,
-
(Note: FINIS cards  a r e  not  required and a r e  not  allowed i n  a STRIGOL job . )  
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9.2 ComDiler Pseudo Ins t ruc t ions  
Compiler pseudo ins t ruc t ions  a r e  commands t o  t h e  STRIGOL compiler which can be 
used t o  format t h e  source program l i s t i n g .  
t he  l i s t i n g .  Compiler pseudo i n s t r u c t i o n s  are w r i t t e n  l i k e  r egu la r  STRIGOL 
statements  i n  columns 10-72 of t h e  source deck. 
t h e i r  e f f e c t s  on t h e  source l i s t i n g  a re :  
They themselves do not  appear i n  
The pseudo i n s t r u c t i o n s  and 
( i )  EJECT 
( i i )  SPACE 
( i i i )  SPACE n 
Ejec t  t o  a new page i n  t h e  l i s t i n g  
of t he  source program. 
P r i n t  one blank l i n e  i n  the  source 
program l i s t i n g  . 
P r i n t  n blank l i n e s  i n  t h e  source 
program l i s t i n g .  
(Note: 
dec l a ra t ion  s ta tement . )  
Three blank l i n e s  a r e  automatical ly  p r in t ed  upon encountering a ROUTINE 
9.3 Comuilation Time Messages 
During compilation a check i s  made t o  determine if c e r t a i n  e r r o r s  have occurred. 
A l l  e r r o r  messages appear immediately following t h e  statement i n  which the  e r r o r  
was de tec ted  i n  t h e  following format: 
*+* message *+* 
In addi t ion ,  a t  t h e  end of  compilation add i t iona l  information i s  p r i n t e d  out i f  
e r r o r  conditions such as undefined o r  mul t ip ly  def ined s ta tement  l abe l s  were de- 
t e c t e d  anywhere i n  the  program. Due t o  t h e  i n t e r a c t i o n  of e r r o r  condi t ions,  t h e  
occurrence of  some e r r o r s  may prevent t h e  de t ec t ion  of  o the r s  u n t i l  those  which 
have been detected a r e  corrected.  
F a t a l  Errors  
Fa ta l  e r r o r s  r e s u l t  i n  an immediate terminat ion of  compilation. 
messages a re :  
The fa tal  e r r o r  
( i )  
number was de tec ted  i n  the  I-OPTION on the  STRIGOL card.  
ILLEGAL LUN SPECIFIED ON I-OPTION, meaning t h a t  a non-numerical l og ica l  u n i t  
( i i )  SYSTEM CONTROL CARD READ, J O B  ABORTED, i n d i c a t i n g  t h a t  a card containing 
i n  column 1 has been encountered, 
( i i i )  
de tec ted  during compilation, 
EOF CARD READ, J O B  ABORTED, meaning t h a t  an end-o f - f i l e  card  has been 
Informative Messages 
Informative messages i n d i c a t e  e i t h e r  a t r i v i a l  e r r o r  i n  syntax,  o r  an e r r o r  
condi t ion which can be cor rec ted  by t h e  STRIGOL compiler.  
messages a re :  
The informative 
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( i )  ILLEGAL 1/0 BUFFER S I Z E  S P E C I F I E D  ON B-OPTION. This condi t ion occurs i f  t h e  
bu f fe r  length s p e c i f i c a t i o n  on the  B-option on t h e  S T R I G O L  card i s  not numeric, 
o r  i s  l e s s  than zero. The normal 1/0 buf fe r  length of  4096 charac te rs  i s  assumed 
and compilation continues.  
0 
( i i )  
i n  t he  source program was not  a PROGRAM statement.  
compilation continues.  
PROGRAM CARD M I S S I N G ,  ASSUME PROGRAM J O B . ,  meaning t h a t  t h e  f irst  s ta tement  
The name J O B .  i s  assumed and 
( i i i )  
fo re  a rou t ine  was terminated by an ENDROUTINE s ta tement .  
card i s  automatical ly  i n s e r t e d  by the  compiler, 
ENDROUTINE CARD M I S S I N G ,  i nd ica t ing  t h a t  t h e  END card  was encountered be- 
The missing ENDROUTINE 
( iv)  
s ta tement  has been de tec ted  following an uncondi t ional  t r a n s f e r  s ta tement;  t h e r e  
i s  no way i n  which t h e  s ta tement  can be executed. 
PRECEEDING STATEMENT WILL NOT BE EXECUTED, i nd ica t ing  t h a t  a non-labeled 
Serious Errors  
Serious e r r o r s  w i l l  prevent  t h e  program from execut ing and w i l l  i n h i b i t  t he  p r i n t i n g  
of an assembly language l i s t i n g  if requested on t h e  S T R I G O L  card.  
which appears a t  t h e  end of t h e  program source l i s t i n g  i s  t h e  c o a t  of s e r ious  e r r o r s .  
The s e r i o u s  e r r o r s  are: 
The e r r o r  count 
(i) 
a second ROUTINE card was encountered before t h e  ENDROUTINE card was encountered 
f o r  t h e  first rout ine .  
attempted. 
EMBEDDED ROUTINE CARD ENCOUNTERED, i nd ica t e s  t h a t  while compiling a rou t ine ,  
This usua l ly  occurs when nes ted  rou t ine  defini+&aa i s  
(ii) 
encountered o the r  than i n  a rout ine .  
RETURN CARD ENCOUNTERED OUT OF SEQUENCE, i nd ica t ing  t h a t  a RETURN card was 
( i i i )  
card was read before  a matching ROUTINE card.  
ENDROUTINE CARD ENCOUNTERED OUT O F  SEQUENCE, meaning t h a t  an ENDROUTINE 
( i v )  
i l l e g a l l y  spec i f i ed  i n  an I F  s ta tement .  
ERROR I N  I F  STATEMENT, i nd ica t ing  t h a t  t h e  branch f i e l d  i s  missing o r  
(v) 
missing ope ra to r  has  been de tec ted  i n  an a r i t hme t i c  replacement s ta tement  
SYNTAX ERROR I N  ARITHMETIC EXPRESSION,  u sua l ly  meaning t h a t  an e x t r a  o r  
(vi)  UNBALANCED ARITHMETIC EXPRESSION,  i n d i c a t i n g  t h a t  a d i f f e r e n t  number o f  
l e f t  and r i g h t  parenthes is  o r  an i l l o g i c a l  o rder ing  of  l e f t  and r i g h t  paren- 
t h e s i s  has  been encountered i n  an ar i thmet ic  replacement s ta tement .  
( v i i )  
i n  a READ s ta tement .  
I N V A L I D  READ STATEMENT, meaning t h a t  t h e  input  s t r i n g  name i s  missing 
( v i i i )  
i l l e g a l l y  s p e c i f i e d  on a WRITE o r  P R I N T  s ta tement .  
( ix )  
input /output  s ta tement  i s  not  i n  t h e  range 1 t o  6 3 .  
I N V A L I D  WRITE STATEMENT, usua l ly  meaning t h a t  t h e  l o g i c a l  u n i t  was 
ILLEGAL LOGICAL U N I T  NUMBER, ind ica t ing  t h a t  t h e  l o g i c a l  u n i t  number on an 
(x) I N V A L I D  SCAN STATEMENT, meaning t h a t  t h e  "[" was missing i n  a SCAN s ta tement .  
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(x i )  
t h e  word "SCAN" and the  l t [ l l  i n  a SCAN s ta tement .  
SCAN REFERENCE M I S S I N G ,  i nd ica t ing  t h a t  no scan re ference  appears between 
( x i i )  
ment 
NO 3 I N  SCAN STATEMENT, meaning t h a t  t h e  f t 3 1 t  was missing i n  a SCAN s t a t e -  
( x i i i )  
re fe rence  i s  a l i t e r a l ;  t he  scan re ference  must be a s t r i n g  o r  a subs t r ing .  
LITERAL CANNOT BE USED A S  A SCAN REFERENCE, i nd ica t ing  t h a t  t h e  scan 
(xiv) 
i s  a l s o  being used as a statement l abe l ,  numeric va r i ab le ,  s t r i n g  name, o r  a 
rou t ine  name. 
PROGRAM NAME CANNOT APPEAR WITHIN A PROGRAM, i nd ica t ing  the  program name 
(xv) 
This can a l s o  r e s u l t  from an i l l e g a l  syntax cons t ruc t ion  i n  a s ta tement .  
name IS AN INVALID NAME, meaning t h a t  name i s  not  a v a l i d  i d e n t i f i e r .  
(xvi)  
s t r i n g  expression which contains  no charac te rs ,  a quota t ion  mark, o r  i s  m i s -  
s i ng  the  r i g h t  de l imi t ing  quotat ion mark .  
(xv i i )  
has been encountered. 
INVALID LITERAL,  i nd ica t ing  t h a t  a l i t e r a l  has been encountered i n  a 
SYNTAX ERROR I N  S T R I N G  EXPRESSION,  meaning t h a t  an i l l e g a l  cons t ruc t ion  
( x v i i i )  M I S S I N G  COMMA I N  STRING EXPRESSION,  i n d i c a t i n g  t h a t  two elements appear 
i n  a s t r i n g  expression with no comma separa t ing  them. 
(xix) 
t he  scan reference a l s o  appears as a f i l l e r  i n  the  scanning p a t t e r n .  
SCAN REFERENCE ALSO USED AS A F I L L E R ,  meaning t h a t  i n  a SCAN s ta tement ,  
(xx) 
appears i n  a s t r i n g  expression o the r  than as an element of  t h e  scanning p a t t e r n  
i n  a SCAN statement.  
ILLEGAL USE OF A F I L L E R  I N  A S T R I N G  EXPRESSION,  i n d i c a t i n g  t h a t  a f i l l e r  
(xxi) name IS  AN UNDECLARED NUMERIC VARIABLE, i n d i c a t i n g  t h a t  name appears 
contex tua l ly  as a numeric va r i ab le ,  bu t  has not  prev ious ly  been declared i n  
a NUMBER statement.  
(xx i i )  
p ress ion  r a t h e r  than a s t r i n g  o r  subs t r ing .  
ILLEGAL SCAN REFERENCE, meaning t h a t  t h e  scan re ference  i s  an ex- 
Near the  end of compilation, add i t iona l  messages a r e  p r i n t e d  out  as follows: 
( i )  A l i s t  of a l l  s t r i n g s  which were i m -  
p l i c i t l y  defined during compilation i s  generated i f  t h e  S-option was requested 
on the  STRIGOL card,  
S T R I N G S  DEFINED DURING COMPILATION. 
MULTIPLY-DEFINED 
UNRE F E  RENCED 
STATEMENT LABELS WERE UNDEFINED ( i i )  THE FOLLOWING ROU,TINES 
A l i s t  of  a l l  multiply-defined, undefined, and unreferenced s ta tement  l abe l s  
and rout ines  i s  pr in ted  out .  The unreferenced s ta tement  l a b e l s  and rou t ines  
l i s ts  a r e  informative messages only.  
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ROUT1 NES NUMBERS 
STATEMENT LABELS STRING 
0 ( i i i )  THE FOLLOWING NUMBERS WERE ALSO USED AS STATEMENT LABELS . 
A l i s t  of a l l  i d e n t i f i e r s  used more than once f o r  a d i f f e r e n t  purpose i s  p r in t ed  
out .  I d e n t i f i e r s  m u s t  be uniquely defined wi th in  a program, 
A t  t he  end of  compilation one of two messages appears: 
( i )  n ERRORS DURING COMPILATION, EXECUTION SURPRESSED. This i nd ica t e s  t h a t  n 
se r ious  e r r o r s  were de tec ted  during compilation; a l l  f u r t h e r  processing o f  t h e  
program i s  discontinued. 
( i i )  
no s y n t a c t i c  e r r o r s .  
NO ERRORS DURING COMPILATION, i nd ica t ing  t h a t  t h e  source program contained 
I t  i s  poss ib l e  t h a t  e r r o r s  w i l l  be detected during t h e  assembly phase which were 
not  de tec ted  during t h e  compilation phase. 
w i l l  be p r in t ed :  
If t h i s  occurs ,  t h e  following message 
NUMBER OF LINES WITH DIAGNOSTICS n 
Normally t h i s  i nd ica t e s  t h a t  COMPASS coding was included i n  t h e  STRIGOL source 
deck, and t h a t  e r r o r s  occurred i n  these s ta tements .  If t h i s  d i agnos t i c  occurs 
and no COMPASS coding was done, consult  NMSU Computer Center Systems Programmers. 
9 .4  Execution Time Messages 
0 
The s tandard  format used i n  p r i n t i n g  the  major i ty  of execution time d iagnos t ics  
i s  t h e  following: 
ERROR I N  RRRRRRRR CALLED FROM XXXXX, Ml. . .Mn 
where RRRRRRRR is  t h e  name of the  rout ine  i n  which t h e  e r r o r  occurred, XXXXX i s  
t h e  address  from which t h e  rout ine  was last  ca l l ed ,  and M1...Mn i s  t h e  e r r o r  
mess age. 
The execut ion time e r r o r  messages and t h e i r  meaning is:  
( i )  
p a r i t y  e r r o r  was encountered on a magnetic tape  nn. 
BAD TAPE ON LUN nn, J O B  ABORTED. During an 1/0 operat ion a non-recoverable 
( i i )  COMPARE ERROR ON LUN nn, J O B  ABORTED. 
which generated a p e r s i s t e n t  compare e r r o r .  
o f f - pun ch e d . 
A card  was read on log ica l  u n i t  nn 
This usua l ly  means t h a t  t h e  card i s  
( i i i )  BINARY CARD LUN nn, JOB ABORTED. A b inary  card  was read  on l o g i c a l  u n i t  
nn. Binary 1/0 i s  not  allowed i n  3300 STRIGOL. 
( i v )  
ope ra t ion  on log ica l  u n i t  nn which would not  be  meaningful; e .g . ,  a t tempting t o  
rewind t h e  typewri te r .  
ILLEGAL 1/0 ON LUN nn, JOB ABORTED. An attempt was made t o  i s s u e  an 1/0 
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(v) 
f i c a t i o n s  was given i n  a READ s ta tement ,  bu t  it was l e s s  than zero. 
NEGATIVE STRING LENGTH I N  READ STATEMENT, JOB ABORTED, The length speci-  
( v i )  
read on log ica l  u n i t  nn. 
end-of- job card. 
END-OF-JOB CARD ON LUN nn, J O B  ABORTED. The system end-of-job card was 
The job i s  aborted immediately upon encountering t h e  
( v i i )  ERASE ERROR ON LUN nn, J O B  ABORTED. During an attempt t o  recover  from a 
p a r i t y  e r r o r  on an output operat ion on log ica l  u n i t  nn, a p a r i t y  e r r o r  occurred 
during an e rase .  No f u r t h e r  recovery i s  poss ib l e  i f  t h i s  occurs.  
( v i i i )  NEGATIVE SUBSTRING LENGTH. 
s p e c i f i c a t i o n  has been detected.  
ment, t h e  s t r i n g  i n  quest ion w i l l  not be numeric. 
replacement statement i s  a negat ive subs t r ing ,  t h e  replacement statement w i l l  be  
ignored. 
A subs t r ing  v a r i a b l e  with a negat ive subs t r ing  
If t h i s  occurs i n  a NUMERIC t e s t  i n  an I F  s t a t e -  
If  the  l e f t  p a r t  of  a s t r i n g  
( ix )  NEGATIVE SUBSTRING I N  REPLACEMENT EXPRESSION. This i nd ica t e s  t h a t  a nega- 
t i v e  subs t r ing  has  been de tec ted  i n  a s t r i n g  expression. 
s t r i n g .  
I t  i s  t r e a t e d  as a n u l l  
(x) 
of t h e  s t r i n g  expression i n  a WRITE o r  PRINT statement exceeds t h e  maximum 1/0 
buf fe r  length.  T ra i l i ng  charac te rs  a r e  discarded.  
STATIC STRING LENGTH OVERFLOW. This e r r o r  message i s  generated i f  t h e  length 
( x i )  TRUNCATION ERROR XXXXXXXX. I n  a c a l l  t o  t h e  STRING funct ion ,  i n s u f f i c i e n t  
s t r i n g  length was allowed t o  generate  t h e  complete value of  t h e  number. 
i s  t h e  value of t h e  number which could not  be converted. 
XXXXXXXX 
( x i i )  STRING NOT NUMERIC. In  a c a l l  t o  t h e  NUMBER funct ion,  t h e  s t r i n g  could 
not  be converted t o  a number because it contained o t h e r  than numeric d i g i t s .  
The value returned i s  zero. 
( x i i i )  NULL STRING. 
v i a  the  NUMBER funct ion.  The value returned i s  zero.  
An attempt was made t o  convert  a n u l l  s t r i n g  t o  a number 
(xiv) NEGATIVE F I L L E R  LENGTH. 
f i l l e r .  The f i l l e r  i s  nu l l ed  and ignored. 
A negat ive length  was s p e c i f i e d  i n  a f ixed-length 
(xv) 
scanning p a t t e r n .  
(xvi)  NEGATIVE SCAN REFERENCE LENGTH, J O B  ABORTED. The scan re ference  i s  a 
negat ive subs t r ing  . 
SCAN TABLE OVERFLOW, J O B  ABORTED. More than 20 elements occurred i n  t h e  
This is  an implementation r e s t r i c t i o n  which can be  a l t e r e d ,  
(xv i i )  NEGATIVE PATTERN ELEMENT LENGTH. 
has a negat ive length spec i f i ca t ion .  
A s u b s t r i n g  i n  t h e  scanning p a t t e r n  
The s u b s t r i n g  i s  t r e a t e d  as a n u l l  s t r i n g .  
Appendix A 
Sample Programs 
NO fHHOHS U U H l r U G  C O M P I L A T I O N  
Example 1 
A B C l i t ,  O t A b C  
A B C  
A 8 C L1 t F I; t-4 A ,  I j  C ti C 0 A E i' G H x Y 2 
E t G H  
Example 1 
Sample Output 
P R O G R A M  P O L I S H  
[ H I S  PHOGHAM I)OFU A I H A h S L A T I O N  OF A S T A I E M E h I  I N  NORMAL I N F I X  
N O T A T I O N  70 R t V F d S F  P O L I S H  N O T A T I O N .  UNARY (JPERATORS ARE NOT 
* A L L O W t D  Ah0 ALL UPkHANDS M U S T  B E  ONE C;WAHACTkH I N  LENGTH, 
T A U L f  IS THE HIERARCHY TAHLE 
Rl- 4 U HEAD CARO 
O t H L A N K  SCAN CARU [Z # I =  
k X T W A C T  A CHARACTER 
LOOP SCAN CARD [ ( C H A H O 1 ) J  = 
* CHECK 10 Sft I F  THE CHARACTER IS AN dPER4TOH 
T A ~ L E = % I = O I ( O I + ~ ^ - ~ A ~ ~ ~ / ~ I ) ~ #  
P R I N T  Z l # , C A R D  
SCAN TARLE [ # f i f p C H A R ~ ( N l S l ) l  
* IF I T  IS AN OPERAND, ADD T O  TARGET STRING 
T S T R I N G t T S T R I N G , C H A H  
GO T O  LOOP 
UP SCAN CHAR [ # ( # I  
SCAN CHAH ( # ) # I  
* ON A 1 ,  EXTRACT E V E R Y T H I N G  Oh! STACK r0 P h E V I O U S  ( 
UACKSCAN STACK [ ( F I L L ) , # ( # ) =  
T S T R I N G ~ T S T H I N G , F I L L  
G O  T O  LOOP 
BACKSCAN STACK [ ( C H A H l $ l ) l t  
I F  ( N ~ H H € R ( N l ) < ~ U M B E H ( N 2 ) )  
STACK=STACK,CHARl rCHAR 
G O  TO LOOP 
CHECK I F  ( N U L L ( S T A C K 1 )  
SCAN TARLE [ # ~ # , C H A H l r ( h 2 $ 1 ) J  
* L f F l  P A R E N T d E S f S  G O  ONTO THE OPERATOR S T A C K  
MURE T S T R I N G = T S T Y I N G , C H A R l  
GO T O  CHECK 
I , O O ? 2  S T A C K Z S T A C K I C H A H  
GO TO LOOP 
PHiNT BACKSCAN STACK [ ( F I L L ) ] =  
* f M P r Y  OPERATOR STACK 
1 S T R I N G = T S T H I N G , F I L L  
WHITE # O # , T S T H l N G  
N U L L  TARGET S T R I N G  COR N t X T  UATA CAdU 
T S T R I N G =  
G O  TO Wt-AD 
END 
E X l T  t X I T  
/ r P H  I NT 
/OP 
/LOOP2 




A = B + C  
A B C + =  




E X E C b T t  ItlrSFHT 
L I "Jf= 
P R I N T  P k I N T  # $ ,L IN€ 
/, M O R E X  
/LOOP1 
Example 3 
TEXT f D 1 T k O  TU 65  C h A k A C T k H C  P F R  LIr \ lE. . . .  
SOMf LJF THF C H A W A C r k h l S T I C S  OF 4 P R E D I C T I V E  ANALYZER, A S Y S T E M  OF 
S Y N T A C T I C  A N A L Y S I S  Y O i d  C P E H A T I O 4 A L  ON A N  I B M  7 0 9 4 r  ARE 
I I E L I ~ v t A T F D ,  T H t  A i I V A ‘ J T A G E S  A N D  UISACJVANTAGES OF THE SYSTEM ARE 
A N A L Y L t H ,  i)FVrLOPFi3 4 T  THF RAND CORPORATION W I T H  R O B I N s o N s  
E N t i L I 5 r l  G r 7 A ” I M A R .  111 A11131T13iur A NEIJ TECHNIOUE IS D E S C R I B E D  FOH 
I 
I i l I S C ~ J S S t t )  I d  C ~ M P A K I S O ~ I  T O  THOSE O f  A N  I M M k D I A T E  C O N S T I T U E N T  
H E P f T I r l v t  P A T H  E L I P I ; ~ I A T I O Y  F O R  A P Q E 9 I C T I V E  ANALYZER, WHICH CAN 
NO4 i ; L n l + l  t F f  I C l t N C Y  Y O T H  I N  PflOCESSING T I M t  A N D  CORE S T O H A G E  




I n t e r n a l  Spec i f i ca t  ions 
Appendix B 
Data S t r u c t u r e  
A l l  s t r i n g s  are s t o r e d  i n t e r n a l  t o  a STRIGOL program as a threaded l i s t ,  headed 
by a three-word s t r i n g  s p e c i f i e r .  The name of  a s t r i n g  i s  the  address  of  t h e  
s p e c i f i e r  r a t h e r  than of  t h e  da t a  s t r i n g ,  s ince  it i s  l i k e l y  t h a t  a d a t a  s t r i n g  
w i l l  be completely moved from where it was o r i g i n a l l y  s to red  during the  course 
of program execution. 
cha rac t e r  of  a sepa ra t e  word i n  memory with t h e  lower 15-b i t s  i n  t h e  word con- 
t a i n i n g  t h e  address o f  the  next  word of t he  s t r i n g .  The s t r i n g  s p e c i f i e r  con- 
t a i n s  t h e  address  o f  t h e  f irst  word and l a s t  word on t h e  l i s t  and t h e  cu r ren t  
length.  If t h e  s t r i n g  i s  n u l l ,  a l l  th ree  words i n  t h e  s p e c i f i e r  are zero.  The 
following example i l l u s t r a t e s  t h i s  da t a  s t r u c t u r e .  
0 
Each charac te r  i n  a da t a  s t r i n g  i s  s to red  i n  t h e  f irst  
If the  address  of t h e  specif ier  f o r  a s t r i n g  c a l l e d  XYZ i s  77352 then a f t e r  exe- - 
cut ing  t h e  STRIGOL statkment 
XYZ = "ABC123" 
t h e  s t r i n g  XYZ might be organized i n  core as follows: 
77352 52161 52161 A 
77353 14100 











The p o i n t e r  i n  t h e  las t  word of a s t r i n g  always has a value of  zero.  I t  should be 
f a i r l y  obvious from t h i s  example t h a t  it i s  not  l i k e l y  t h a t  cha rac t e r s  i n  a s t r i n g  
w i l l  be s t o r e d  i n  consecutive core loca t ions .  
There i s  one except ion t o  the  un ive r sa l  use of t h i s  type of d a t a  structure. Literals 
can never  be changed, s o ,  i n  order  t o  economize on t h e  amount of core  usage, l i t e ra l s  
are s t o r e d  i n  a completely d i f f e r e n t  manner. The charac te rs  i n  a l i t e r a l  a r e  s t o r e d  
as a continguous s t r i n g  of cha rac t e r s ,  and l i k e  t h e  normal da t a  s t r i n g s ,  l i t e ra l s  are 
a l s o  headed by a t h r e e  word s p e c i f i e r ,  bu t  i n  a somewhat d i f f e r e n t  format. A l i t e r a l  
s p e c i f i e r  contains  t h e  F i r s t  charac te r  address ,  t h e  l a s t  charac te r  address  and the  
length o f  t h e  l i t e r a l .  Since t h e  length of  a l i t e r a l  i s  always equal t o  t h e  LCA-FCA+l,  
it may seem redundant t o  ca r ry  along the  length;  however, as it t u r n s  out ,  t h i s  type 
of  d a t a  s to rage  i s  a l s o  used i n  t h e  input-output rou t ines ,  and these  rou t ines  r equ i r e  
both types  of information f o r  reasons which w i l l  be explained la te r .  
from t h e  preceding example, if the  s p e c i f i e r  i s  a t  loca t ion  77756, t he  l i t e r a l  could 
be r ep resen ted  as fol lows:  
Using t h e  l i t e r a l  
77756 377123 




A B C 1 2 3  
B. 1 
Most of  t he  processing i n  a STRIGOL program i s  done by executing machine language 
subrout ines  and passing a parameter l i s t  t o  the  subrout ine t o  allow t h e  appropriate  
da t a  manipulation. 
corresponds t o  a s t r i n g  expression. A s  i t  tu rns  ou t ,  t he  format of  t h e  parameter 
l i s t  f o r  a s t r i n g  expression i s  independent of t he  subrout ine using t h e  expression; 
i n  o t h e r  words, i f  t he  same s t r i n g  expression is  used i n  a SCAN statement ,  a PRINT 
s ta tement ,  and a replacement s ta tement ,  the  parameter l i s t  corresponding t o  t h e  
s t r i n g  expression would be i d e n t i c a l  i n  each case. 
I n  most o f  t hese  rou t ines ,  p a r t  o r  a l l  of t he  parameter l ist  
For each element i n  a s t r i n g  expression,  t he re  corresponds a one, two, o r  t h ree  
word element i n  the  parameter l i s t ,  depending on t h e  type of s t r i n g  element. 
the  case of a simple va r i ab le ,  a one word parameter element i s  generated by t h e  
STRIGOL compiler. For example, t o  t he  following por t ion  of a s t r i n g  expression 
In  
...,xx,... 
would correspond the  following COMPASS coding i n  the  assembly l i s t i n g .  
LST xx 
The opcode LST i s  a spec ia l  i n d i c a t o r  t o  the  STRIGOL subrout ines  t h a t  t h e  address 
por t ion  of  t he  machine word contains  the  address of a simple s t r i n g  va r i ab le .  
A subs t r ing  va r i ab le  generates  a two word parameter element, 
va r i ab le  has a constant length f i e l d ,  such as i n  t h e  following example: 
I f  t h e  subs t r ing  
..., A$5, ... 
LSTM A 
5 
The subs t r ing  va r i ab le  
would r e s u l t  i n  the  parameter element 
LSTA B 
N 
A l i t e r a l  i s  somewhat of a spec ia l  case,  s ince  it has no name. 
problem, a unique name of t h e  form 
To so lve  t h i s  
L , nnn 
i s  crea ted  t o  iden t i fy  the  l i t e r a l ,  where nnn i s  a unique t h r e e  d i g i t  number f o r  
each l i t e r a l  used i n  a program, 
with the  l e t t e r s  "LST"; t h i s  i s  a r e f l e c t i o n  of t he  f a c t  t h a t  a d a t a  s t r i n g  i s  
s to red  as a l i s t .  
I n  the  previous example, t he  opera tor  f i e l d  began 
Simi la r ly ,  s ince  a l i t e r a l  i s  s t o r e d  as a l i n e a r ,  contiguous a r r ay  of cha rac t e r s ,  
the  opera tor  f i e l d  f o r  t he  parameter begins  with " L I N f f .  Thus t h e  l i t e r a l  
. . . ,"12345", . . . 
B. 2 
could r e s u l t  i n  t h e  parameter element 
L I N  L.013 
which would i n d i c a t e  ( i f  t rue )  t h a t  t h i s  was t h e  13th l i t e r a l  declared i n  t h e  
p rog ram. 
A s t r i n g  element which i s  a f i l l e r  d i f f e r s  i n  i t s  parameter representa t ion  only 
i n  t h a t  it i s  preceded by a word with an opera tor  of  "FILLtt and no address f i e l d .  
For example t h e  s t r i n g  element 
would t r a n s l a t e  t o  
F I L L  
LSTM ABC 
3 
as another  example, consider  t he  following s t r i n g  expression: 
XX$3,"ABC", (F) ,"DEF",A,B$N, (F1$3) 
If the  two l i t e r a l s  were t h e  f irst  declared i n  t h e  program then the  e n t i r e  ex- 
p re s s ion  would be t r a n s l a t e d  t o  
LSTM 
















F 1  
3 
by t h e  STRIGOL compiler. 
gram, the  parameter l i s t  would d i f f e r  only i n  t h e  numbers o f  t he  l i t e r a l s .  
If the  l i t e r a l s  were not  t h e  f irst  declared i n  t h e  pro- 
I t  was mentioned previously t h a t  l i n e a r  da t a  s to rage  w a s  a l s o  used i n  conjunction 
with input-output  opera t ions .  In  p a r t i c u l a r ,  s ince  it i s ,  of course, no t  poss ib l e  
t o  d i r e c t l y  write from a da ta  s t r i n g  o r  read i n t o  a l ist  s t ruc tu red  d a t a  s t r i n g ,  
it i s  necessary t o  reserve  a block of core t o  be used as an 1/0 buf fe r .  
t o  make the  s i z e  of  t h i s  1/0 bu f fe r  a s  f l e x i b l e  as poss ib le ,  t h e  area f o r  t h e  
b u f f e r  must be s e t  up i n  the  main program. I n  addi t ion ,  t h e  name of  t he  s p e c i f i e r  
must be IOAREA. and it must be declared as an en t ry  poin t .  
s p e c i f i e r  contains  t h e  charac te r  address of t he  first charac te r  i n  the  1/0 buf fe r ,  
t h e  second word should be zero, and the  t h i r d  word should be zero, and the  t h i r d  
word i s  the  number o f  charac te rs  ava i lab le  i n  t h e  bu f fe r .  The following example 
In  order  
The f irst  word of t he  





IOAREA, 00,c  






S T R I G O L  Subroutine Cal l ing  Sequences 
To s impl i fy  the  COMPASS expansion of  a s t r i n g  expression,  t h e  following conventions 
have been adopted: 
If s e  i s  a s t r i n g  expression,  then[se]  i s  i ts  COMPASS expansion 
according t o  r u l e s  s t a t e d  previously.  S imi l a r ly ,  i f  s t r  i s  a 
s t r i n g  o r  subs t r ing  then [ s t r ]  i s  i t s  expansion. For example, i f :  
s e  = A, ( B $ 3 ) ,  X$N 
then 
[se] = LST A 





For each STRIGOL subrout ine,  i t s  general  form i n  S T R I G O L  i s  given along with t h e  
genera l ized  COMPASS expansion. 
subrout ines  used from a COMPASS program must be declared as externam symbols. 
A few s p e c i f i c  examples a r e  a l s o  given. A l l  S T R I G O L  
STRIGOL COMPASS 
READ (lun) s e  /s ,f  
READ X /GOOD, BAD 
ENA 
R T J  
U J P  
U J P  
ENA 
R T J  
L S T  
U J P  
U J P  











READ (LUNXX) I N P U T $ 5 0  /, EOF LDA 
R T J  
L S r n  
LUNXX 
READ. 




U J P  
U J P  
WRITE ( lun) se 
P R I N T  (lun) se 
o r  
ENA 
R T J  
b e l  
lun 
WRITE 
WRITE "PAGE", PAGENO ENA 
R T J  




L . 0 0 1  
PAGENO 
P R I N T  (10) DATA, VALUE$X ENA 
R T J  







E N D F I L E  lun 
E N D F I L E  O U T F I L E  
REWIND lun 
UNLOAD lun 
s t r = s e  
ENA 




R T J  
OUTFI  LE 
ENDFILE.  
ENA 








A=B,C R T J  
L S T  
L S T  





A$3= R T J  


















EXECUTE name RTJ name 
TRANSLAT EXECUTE TRANSLAT RTJ 
ROUTINE name name UJP ** 
ROUTINE TRANSLAT TRANSLAT UJP ** 
RETURN ( i n  r o u t i n e  name) u J P , I  name 
RETURN ( i n  r o u t i n e  TRANSLAT) W P , I  TRANS LAT 
GO TO name UJP name 
GO TO LOOP UJP LOOP 
EXIT ( i n  program name) UJP,  I name 
ENDROUTINE ( i n  rou t ine  name) UJP ,  I name 
ENDROUTINE ( i n  rou t ine  TRANSLAT) u J P , I  TRANS LAT 
s tr=STRING (numb) 0 
numb 
STRING . 









str=STRING ( s i z e ,  numb) s ize  
numb 
STRING. 
B . 6  
ABC$X=STRING (M,N) 
n u m b = N U M B E R ( s t r )  
I F  (NULL( str) ) /Y ,n 
I F  (NULL (FLAG)) / ,OK 
I F  ( N U M E R I C ( s t r ) )  /y,n 
I F  (NUMERIC (CARD$N) ) /LOOP 
I F  (NUMBER (X$3) 2n) /BUMP, FLAG 
SCAN str  [se] /s,f 
(BACKSCAN) 
SCAN str  [sel]=se2 /s,f 
LDQ 
LDA 
R T J  
LSTA 
ENA 
R T J  
rstr1 
LDA 
A Z J ,  EQ 
U J P  
LDA 
U J P  
AZJ, EQ 
R T J  
A Z J , E Q  
U J P  
[strl 
R T J  
LSTA 
A Z J , E Q  
ENA 
R T J  
LSTM 
LDA 
AQJ , GE 








n u m b  
NUMBER . 





























SCAN NAME [DATA] /GOOD R T J  
L S T  
L S T  
UJP 
BACKSCAN CARD63 [BLANK]= / ,REPEAT R T J  
LSTM 
L S T  
OCT 
U J P  
U J P  
SCAN S T R  [ (F$N) , "x"] =)'xfl R T J  
L S T  
F I L L  
LSTA 
L I N  
OCT 
L I N  
U J P  





L S T  
U J P  














S T R  
F 
N 
L . 0 0 1  
-0 
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